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Abstract
Patients undergoing mastectomy for breast cancer have nowadays many options for breast reconstruction, that will help in re-
establishing patient’s self confidence in her own body image.
Implant-based reconstruction remains the most common form of post-mastectomy reconstruction, but it could also present some 
complications, the most common being capsular contracture.
Accordingly, a novel breast mound may be perfectly designed using the reverse engineering approach and additive 
manufacturing methods combined with autologous fat grafting. A 3D hierarchical structure with autologous adipose-derived stem 
cells may be used as a construct for tissue regeneration.
The 3D morphologically controlled scaffold may be placed in the subcutaneous position at the level of the conservative 
mastectomy side. The scaffold will be colonized with autologous fat tissue in some sessions. The biodegradable customized 
structure will help to maintain the breast shape and the natural consistency may be obtained with the fat grafting, also 
considering adequate enhancement techniques (Stromal Vascular Fraction derived growth factors).
The principles of regenerative medicine may be combined and integrated with  those of reverse engineering (3D image capture, 
3D modelling and rapid prototyping) to design custom-made and high functional hierarchical structures with tailored properties 
and 3D complex geometry.
The current study will focus on the basic principles and strategies in designing 3D advanced and complex structures for breast 
repair and regeneration.
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1. Introduction
An increasing number of women are diagnosed with breast 
cancer each year, with estimates of the lifetime risk in western 
society being 1 in 8 [1].
Thanks to screening regimes, there has been an increase in the 
number of patients undergoing surgery for early stage breast 
cancers. Moreover with the emergence of oncoplastic 
techniques, more patients now have the choice of cancer 
excision while preserving the breast shape, thus avoiding 
mastectomy.
However, many patients with early breast cancer undergo 
mastectomy either because of an unfavorable location of the 
tumor or because the patient prefers this option to breast 
conservation [2].
During the last decade, skin and nipple-sparing mastectomies, 
the so-called conservative mastectomies [3], together with the 
skin-reducing mastectomy for large  breasts [4], have gained 
widespread acceptance and are currently considered standard 
treatment for early stage breast cancer [5]. The preservation of 
all or most of the breast envelope has allowed surgeons to 
reduce the disfiguring impact associated with mastectomies.
Patients undergoing mastectomy have nowadays many 
options for breast reconstruction, that will help in re-
establishing patient’s self confidence in her own body image .
The goal of breast reconstructive surgery is to achieve a breast 
mound that has an aesthetically pleasing surface, shape and 
volume. 
Reconstructive techniques available today cannot reconstitute 
the physiological function of the mammary gland, but the 
restoration of body image that is lost after mastectomy is 
paramount in helping restore a woman’s self-esteem.
Reconstructive techniques used in breast surgery following 
mastectomy can be broadly divided into those that use 
alloplastic materials (i.e.,  breast implants) and those that use 
autologous tissues (i.e., the patient’s own tissues). There are 
also techniques that combine these two basic approaches.
Breast implants are either saline-filled or silicone-filled 
medical devices that are available in a variety of shapes and 
sizes to suit an individual patient [6].  The implants require 
adequate soft tissue coverage and therefore a sub-muscular 
pocket for the implant to be placed in must be prepared. Often 
the pocket is expanded to size using a temporary expander 
implant,  which is then exchanged for a fixed-volume implant 
[7].
Autologous techniques include the use of pedicled and free 
flaps. The main advantage of autologous flaps is that they 
more closely resemble native tissue in their feel and 
consistency. Flaps also withstand the effects of radiotherapy 
better than implant-based techniques. However, autologous 
techniques are complex and time-consuming, with the 
possibility of donor-site morbidity and longer postoperative 
recovery.
Implant-based reconstruction remains the most common form 
of post-mastectomy reconstruction, but it could also present 
some complications, the most common being capsular 
contracture [8,9].
After the placement of a breast implant, the body will mount a 
tissue reaction to it, as it is a foreign object. This results in a 
thin layer of scar-like tissue forming around the prosthesis, 
known as a capsule. However in some patients the capsule 
thickens and contracts, resulting in worsening degrees of 
capsular contracture. Significantly increased capsular 
contracture rates are seen in patients receiving external beam 
radiotherapy. In such patients, it is often more appropriate to 
avoid an implant-based reconstruction and carry out an 
immediate reconstruction using autologous flap.
In order to reduce implant-related complications and improve 
womens’ quality of life and satisfaction level following breast 
reconstruction after mastectomy for breast cancer, a further 
strategy may involve tissue repair and regeneration supported 
by 3D morphologically controlled scaffolds obtained through 
additive manufacturing methods.
Accordingly, the current study will focus on the basic 
principles and strategies in designing 3D advanced and 
complex structures for breast repair/reconstruction and 
regeneration.
2. Basic principles and strategies in designing 3D 
hierarchical structures for breast repair and 
regeneration
The current gel-filled breast implants are characterized by a 
s h e l l m a d e o f a n e l a s t o m e r i c m a t e r i a l ( i . e . , 
polydimethylsiloxane, PDMS) and a gel-like core consisting 
of a PDMS which has a lower cross-linking degree.
For this reason, the complex viscoelastic performances as well 
as the nonlinear and large-deformation behaviour (Fig. 1) may 
be clearly reproduced to design advanced breast devices,  also 
benefiting from the knowledge of the structure-property 
relationship of the materials and from the integration of 
different technologies.  
Fig. 1. Typical tensile stress-strain curve for shell specimens from current gel-
filled breast implants.
Two different approaches may be adopted for breast tissue 
repair/reconstruction and regeneration. 
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Both approaches may benefit from an appropriate selection of 
polymeric and composite materials, which are widely 
employed in the tissue engineering and prosthetic fields [10], 
as well as from the more advanced fabrication methods (i.e., 
additive manufacturing techniques). In this context, over the 
past years researchers’ attention has been focused on the 
development of multifunctional devices in the form of gels/
hydrogels, semi-interpenetrating polymer networks [11-16] 
and 3D advanced scaffolds [17-23].
A first strategy may involve the design of advanced 
customized prostheses using biostable (i.e., non degradable) 
polymers. 
The breast implant must properly reproduce the exact shape 
and size of the defect as well as the mechanical features of the 
native tissue through a suitable material/geometry design. 
Accordingly, different kinds of rubber-like and gel-like 
materials may be selected and the possibility to develop multi-
layer and/or shell-core devices can be considered,  eventually 
combining additive manufacturing techniques with 
conventional methods. 
A second strategy could involve the development of 
customized and multifunctional 3D porous scaffolds using 
synthetic and/or natural biodegradable polymers. 
In this case, 3D scaffolds must be designed to possess suitable 
architectural features, tailored mechanical and mass transport 
properties  according to the specific application. 
To this aim, aliphatic polyesters such as poly(ε-caprolactone) 
(PCL) together with other synthetic biodegradable polymers 
commonly used for tissue engineering applications [23] can 
be properly considered. 
A further option is related to the design a novel breast mound 
using the reverse engineering approach and additive 
manufacturing methods combined with autologous fat 
grafting. 3D hierarchical scaffolds with autologous adipose-
derived stem cells have been proposed for breast tissue 
regeneration.
The 3D scaffold must be placed in the subcutaneous position 
at the level of the conservative mastectomy side. The 3D 
scaffold should be colonized with autologous fat tissue in 
some sessions [24]. The customized structure must help to 
maintain the breast shape and the natural consistency will be 
obtained with the fat grafting, also considering adequate 
enhancement techniques (Stromal Vascular Fraction derived 
growth factors).
The strategy combines and integrates the principles of 
regenerative medicine with  those of reverse engineering (3D 
image capture, 3D modeling and rapid prototyping) to design 
custom-made 3D hierarchical structures with tailored 
properties and 3D complex geometry.
Using computer aided design and manufacturing systems, 3D 
models of breast are generated  from computed tomography 
(CT) or magnetic resonance imaging (MRI) data through 
image capture and analysis techniques. These data can be 
conveniently elaborated through dedicated software such as 
Mimics, Rapidform and Rhinoceros to define the 3D model. 
The scaffold can be then designed and manufactured in a 
direct fashion by a dispensing machine (i.e., Bioplotter, 3D 
Printer) based on injection/extrusion method. Specifically, it 
can be built layer-by-layer according to specific lay-down 
pattern, thus properly matching the structural/functional 
properties of the natural tissue. 
As an example, 3D fiber deposition may be considered as a 
modified technique of 3D plotting for the extrusion of highly 
viscous polymers, and it is a fused deposition technique in 
which a molten polymer is injected/extruded through a 
syringe and then deposited (Fig. 2). 
Figure 2. Schematic representation of cartridge and needle as key elements of 
the 3D fiber deposition technique.
This methods allows the fabrication of scaffolds with a fully 
interconnected pore network, specific pore shape and size. In 
comparison with conventional techniques, the higher control 
of the architecture allows to enhance the mass transport 
properties.
By using these CAD/CAM techniques, the developed 
scaffolds will possess a defined structure and architecture and 
will be built with a customized shape.  These structures may 
represent the basis of a novel breast reconstructive technique. 
Functional features, mechanical and mass transport properties 
of the customized scaffolds will be properly tailored varying 
porosity and lay-down pattern (i.e, sequence of stacking) (Fig. 
3).
Figure 3. 3D reconstructions of hierarchical structures obtained from 
microCT analysis evidencing the architecture and the interconnected pore 
network.
The 3D hierarchical scaffolds may also be properly loaded 
with gel-like materials to provide complex structure able to 
guide the regeneration process.    
The 3D structures will reproduce the tissue properties and the 
complex anatomical features, also using high performance 
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materials developed on the basis of the cell guidance concept 
[17-23].
The scaffold will be then colonized with autologous adipose 
tissue in some fat grafting sessions.
Such approach would avoid the challenges and the risks 
linked with a complex and time consuming autologous 
reconstruction and those linked with an implant-based 
technique, achieving a natural-shaped breast mound with soft 
consistency and long-lasting aesthetic results,  thus 
representing the future of breast reconstruction/repair.
3. Conclusion
Tissue engineering approach to breast reconstruction evokes 
the general principles of using porous scaffolds that will be 
seeded with cells and will deliver biofactors to regenerate the 
natural tissue.
The possibility to combine and integrate the principles of 
regenerative medicine with those of reverse engineering (3D 
image capture, 3D modelling and rapid prototyping) for 
designing custom-made 3D hierarchical structures for breast 
has been discussed.
Such reconstructive option may be also offered to patients 
undergoing radiotherapy, as the material should not be 
influenced by irradiation.
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